Introduction
Fluctuations in electrical conductivity generated as DNA strands pass through a biological pore, like a protein embedded in a membrane has been commercialized by Oxford Nanopore (ONP) (Nanopore sequencing -minION flow cell) [2] . ONP sequencing is gaining popularity due to the fact that it quickly generates long reads, preserving nucleotide modifications, albeit at higher error rates [3] . Due to higher error rates, enrichment is critical to have proper consensus. Recently, CRISPR-Cas9 [4] [5] [6] has been used to enrich genomic regions (nCATS [1] . In this method all DNA ends are first dephosphorylated, then the Cas9/guide RNA ribonucleoprotein complex (RNP) is added resulting in DSBs, thereby introducing an DNA end with a 5-phosphate group, wherein nanopore sequencing adaptors are ligated, and then sequenced. Note, that PCR amplification is not needed, thus preserving nucleotide modifications. This was applied on 10 genomic loci (median length=18kb), and the sequencing data were submitted (Accessionid:PRJNA531320).
Off-targets edits (OTE) are an important aspect of CRISPR-Cas gene-editing [7] [8] [9] [10] . There are several techniques for the unbiased detection of CRISRP-Cas9 off-targets [11] [12] [13] . The presence of the ONP adapters in the above study enable the identification of OTEs, aided by the existence of 11 such "repeated experiments".
As an example, an OTE in the mitochondrial genome is provided which has the ONP adapter, and has 7 mismatches with one of the 10 gRNAs used. Insertions or deletions between target DNA and gRNA also constitute valid off-targets [14] , a feature that is included in in silico off-target predictors [15] . Another OTE is ChrX for the BRAF gRNA with only one mismatch. While it stated that sequences from parts other than the target locations arise 'from ligation of nanopore adaptors to random breakage points, with no clear evidence of off-target cleavage by Cas9' [1] , it is very unlikely that all samples will have the breakage at the same point.
With the increasing use of (TALEN/ZFN/CRISPR-Cas9) on human subjects, this provides a fast method to quickly query gRNAs for off-targets in cells obtained from the patient, which will have their own unique off-targets due to single nucleotide polymorphism or other variants.
Results and discussion
Reads matching to the 10 edited-genomic loci Previous work [1] used 2 gRNAs for each of 10 genomic loci ( Table 1 ). The reads matching to one such loci (SLC12A4) with high significance were analyzed (Fig 1) . This corroborated two things:
1. The error rare is > 10% -since most alignments were about 90% or less.
The Cas9 mostly edits about 2 bases to the left of the PAM site.
The ONP adapter was prefixed to the Cas9 edit site, deduced to be TCAGTATTGCTTCGTTCAGT-TAC. Next, reads that matched to the targeted genomic loci (SI:TARGET.fa) were ignored. The remaining reads were then selected only if they had the ONP adapter, and aligned to the human genome. Figure 1 : An estimate of the error rates in ONP: Most reads match to the reference genome with about 90% homology, giving an error rate of about 10%. This small fragment from the SLC12A4 gene on CHR16 demonstrates that the consensus clearly matches to the reference, inspite of the error rate. This also shows that the Cas9 mostly edits about 2 bases to the left of the PAM site. The genomic loci has 7 mismatches with one of the gRNAs (GPX1 on chr3), and only 2 in the 12bp proximal to the PAM. Note, previous work shows that Cas9 can bind 'with as many as nine consecutive mismatches in the sgRNA guiding' [9] . Also, Cas9 cleaves for a wide range of PAMs [16] , including the NGA PAM in this case. (b): Frequency distrubtion of the start of the reads with respect to the mitochondrial genome (16570bp), reveals a significant number of reads begin around 9639. These reads also have the ONP adapter pre-fixed to them. Reads matching to the mitochondrial genome -off-target common to many samples
The alignment revealed that a significant number of reads matched to the mitochondrial genome with high significance in many cell lines (Table 2) . Interestingly, many of these reads started around loci 9639, which has 7 mismatches ( Fig 2) with one of the used gRNAs (Table {tableinfo,GPX1). Only 2 of the 7 mismatches are located in the 12bp proximal to the PAM. Note, previous work shows that Cas9 can bind 'with as many as nine consecutive mismatches in the sgRNA guiding' [9] . Also, Cas9 cleaves for a wide range of PAMs [16] , including the NGA PAM in this case. In fact, for one gRNA (gP), in vitro studies showed that Cas9 was targeting several sites with as many as seven mismatches [16] . Also, a lot of reads aligning to the mitochondrial genome (sometimes full length) are inverted after the edit. It remains to be seen if these are bona fide translocations after the Cas9 edit, or ONP sequencing artifacts. The reads aligning to the mitochondrial genome can be found at SI:ALLMITO.fa.
Off-target on the X chromosome:
Some of the gRNAs have OTEs with low mismatches. In fact, it would be surprising not to find OTEs for such gRNA. As an example, BRAF (gRNA=GACCAAGGATTTCGTGGTGA) on chr7 has 19 nt exact match to the X-chromosome at 13121412. 8 out of 11 samples have reads matching to this coordinate. This cannot be random ( Table 2 ). The read ids are in SI:OTEChrX.list.
Conclusion:
The method (nCATS) suggested recently [1] to enrich genomic regions of interest also provides an easy method to quickly query off-target edits. With the increasing use of (TALEN/ZFN/CRISPR-Cas9) on human subjects, this provides a fast method to quickly query gRNAs for off-targets in cells obtained from the patient, which will have their own unique off-targets due to single nucleotide polymorphism [17] and other variants. 
Materials and methods
The sequencing data (11 samples) were downloaded from NCBI (PRJNA531320). The genomic coordinates encapsulated between the 2 gRNAs for each of 10 genomic loci were extracted (SI:TARGET.fa). In order to search for off-targets, reads matching to the targeted genomic coordinates were first discarded. Next, reads were clustered based on their homology to each other -this was to look for enriched loci, and avoid random breaks (since off-targets are being identified). The mitochondrial genome was obtained from Accid:GI.251831106.REF.NC 012920.1.(16570bp). MSA figures were generated using the ENDscript server [18] .
